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Figure 1 (Color online) The diagram of the halo structure of !'Be
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Figure 2 (Color online) Coordinates used in the breakup reaction
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Figure 3 (Color online) Experimental and calculated differential
breakup cross sections, as a function of the '°Be laboratory scattering
angle, for the reaction ''Be + %Zn at 28.7 MeV. The elastic breakup
contributions (from CDCC and XCDCC calculations) and the nonelastic
breakup contribution (from the IAV model) are compared with the data
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Research progress on the reaction mechanism of halo nuclei

based on quantum few-body theory

Lei Jin
School of Physics Science and Engineering, Tongji University, Shanghai 200092, China
E-mail: jinl@tongji.edu.cn

The study of halo nuclei plays a pivotal role in advancing our understanding of nuclear forces and nucleon distributions
within atomic nuclei. Halo nuclei are unique in that they exhibit a significantly extended radius compared to what classical
physics would predict, often consisting of a core nucleus plus one or more loosely bound valence nucleons. For instance,
"'Be is composed of a '°Be core and a single valence neutron, with a binding energy of just 0.501 MeV relative to the
10Be core. This weak binding energy allows ''Be to be approximated as a two-body system in many nuclear reactions,
simplifying the complex quantum many-body problem into a more manageable few-body problem. When halo nuclei
interact with other nuclei, they are easily broken up due to the combined effects of Coulomb and nuclear forces. This
necessitates reaction theories that account for strong coupling with breakup channels. Several key phenomena illustrate the
impact of halo nuclei on reaction observables. Firstly, halo nuclei exhibit large interaction cross sections in high-energy
collisions, as demonstrated by pioneering experiments that revealed unusually large radii for certain light isotopes like ®He
and ''Li. Secondly, the momentum distributions of residual nuclei post-knockout are notably narrow, indicating a long tail
in the spatial density distribution of the original halo nucleus. Thirdly, halo nuclei show anomalous elastic scattering cross
sections, influenced by coupling to non-elastic processes, especially significant near the Coulomb barrier. Lastly, neutron
halo nuclei exhibit enhanced breakup cross sections near the Coulomb barrier due to tidal forces distorting the loosely
bound structure. To quantitatively understand these phenomena, appropriate reaction theories are essential. The Ichimura-
Austern-Vincent (IAV) model, developed in the 1980s, provides a framework for describing the single-particle breakup
cross section for projectiles with a two-body structure interacting with a target nucleus. The model distinguishes between
elastic breakup, where the valence nucleon and target remain in their ground states, and non-elastic breakup, which in-
cludes various interactions such as particle exchange and absorption. The IAV model has been successfully applied to
describe reactions involving halo nuclei, such as UBe. For example, in the HBe + %7Zn reaction at 28.7 MeV, the model
accurately predicted the differential breakup cross sections, which were in good agreement with experimental data. This
success underscores the model’s ability to describe both elastic and non-elastic breakup processes effectively. In addition
to the IAV model, other theoretical frameworks like the continuum discretized coupled channels (CDCC) method and the
distorted wave Born approximation (DWBA) are also used to describe halo nucleus reactions. The CDCC method involves
expanding the three-body wave function into a set of eigenstates and solving coupled differential equations, providing a
precise description of breakup reactions. The DWBA method simplifies the problem by separating the intrinsic motion of
the projectile from the relative motion between the projectile and target, offering an effective approximation for complex
three-body scattering problems. Despite the inherent complexity of halo nucleus reactions, these simplified models and
approximations enable effective research and understanding. The relationship between CDCC and DWBA is particularly
noteworthy, as the CDCC method includes higher-order corrections beyond the first-order DWBA approximation, provid-
ing a more accurate description of the reaction dynamics. In conclusion, the study of halo nuclei is essential for deepening
our understanding of nuclear structures and reactions. Through the development and application of theoretical models like
the AV, CDCC, and DWBA, researchers can effectively describe and interpret the complex behaviors of halo nuclei in
nuclear reactions. Future research will continue to refine these models and explore new phenomena, further elucidating the
intricate dynamics of halo nuclei and their interactions.

halo nuclei, reaction mechanism, quantum few-body theory, continuum discretized coupled channels, distorted
wave Born approximation
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